Whenever I am asked to give a lecture which is given only once a year and, therefore, has an unusual prominence, I am simultaneously flattered and terrified. Whether I accept or refuse depends not only on whether my vanity or my terror is the stronger, but also on who asks me and the aims of those who established the lecture. In this case I could not resist the blandishments of the Master of Green College, partly because of my high regard for him as a man and a doctor and for what he has accomplished in enlightened medical education at Newcastle, and partly because of the historical intellectual kinship of chemists and doctors, manifested in Oxford by the fact that several of my predecessors as Dr Lee's Professors or Readers in Chemistry were medically qualified. Sadly, one of these, Thomas Beddoes, became so mesmerized by the imaginary therapeutic virtues of chemical vapours that he left Oxford to set up in Clifton, Bristol, a Pneumatic Institute for the treatment of disease by inhalation and the best thing he did for science was to appoint Humphry Davy as his laboratory superintendant at that Institute.
Eponymous lectures are especially seductive to me and before I accept I always try to learn what I can about the person so commemorated. In this case I looked at the portrait of Dr John Radcliffe which hangs in the Hall of University College where he was an undergraduate. It displays the whole university and city which seem to bask gratefully in his munifence. Apart from his skill as a physician and his philanthropy, two things impressed me about him. The first was that 300 years ago he made twenty guineas a day as a doctor in London corresponding to 5000 guineas per annum. Translating this sum into today's pounds not only enables us to understand his munificence but it also seems unlikely to me that were he practising now he would be employed in the Medical Knowledge Industry as a clinical teacher and researcher! But he also had a more enviable characteristic, a fearless candour worthy of emulation in discussing the important subject we have before us this evening and to which I now turn.
I had better start by defining the two words Knowledge and Industry which appear in the title of this lecture. For over a hundred years Oxonians have had their own characteristically assured way of defining the former. It is recorded in 'The Masque of Balliol' 'First come I; my name is Jowett There is no knowledge but I know it I am Master of this College What I don't know isn't knowledge.' I shall be particularly concerned with that part of what humans (including Jowett) know which can be systematized and comprehended in terms of universal principles, that 'organized knowledge' defined by Herbert Spencer as science. In deference to what I imagine in this medical environment is likely to be the composition of my audience, wherever possible I shall try to illustrate my points by medical examples. I want to use the second word, Industry, not in any of the meanings to be found in the Shorter Oxford English Dictionary, but to describe the whole range of those individuals, enterprises and institutions whose work involves, to varying degrees, the acquisition by research and scholarship of new knowledge, its dissemination whether by teaching the young or by publication, and its application to specific purposes.
The rhetorical question which forms my title implies a present uncertainty, at least in some persons' minds, about the way in which this industry (or parts of it for the whole is very large) should be managed and paid for, and that perhaps the method that has been used in Britain for almost three-quarters of a century may need to undergo, not just the successive small evolutionary mutations which have occurred over those years but, in accord with the prevailing political ethos of today, require a more radical change.
Predictably, the pressure for the latter course does not come from the learned professions, least of all the scientists, nor in any significant degree from sciencebased manufacturing industry. It is primarily fiscal in origin and emanates mainly and ominously from those who, in the belief that this is the only sure way to national economic success, wish to keep taxes low and, therefore, to reduce public expenditure wherever possible. We must also remind ourselves that the signs are that those persons are unlikely to be deterred except by electoral failure and even so their successors might well apply similar constraints. Nevertheless, the particular question is an important one, worthy of exploration and in a manner which takes greater account of how we in Britain arrived at our present structures than many current protagonists of conflicting arguments appear to do. Furthermore if, when they argue their case for resources, those at the knowledge acquisition and dissemination end ofthe knowledge industry spectrum and who are at present largely dependent on government funding, ignore this history and the principles it illustrates, then they will themselves become casualties in an age when government, committed to taxation reduction, is overwhelmingly preoccupied with competing priorities for public expenditure. Let me therefore begin with a brief account of that history.
How the knowledge industry grew Although schools are the foundation of all that happens later in the knowledge industry, I shall omit them from my discussion because their activities do not include adding to knowledge and, since 1870, there has been no .argument about the duty of the state to provide free schooling for all children; only argument about its curriculum and examinations and the roles of national government, local authorities, parents and teachers in the management of schools. Nor shall I deal with further education, important though that is, because it is either vocational or recreational and is rarely concerned with adding to knowledge. Instead I shall concentrate on higher education. Although this too has strong vocational purposes in preparing young people for professions and to work in industry, those who teach in higher education will fail unless they are au fait with their special subjects up to the existing boundaries of knowledge, for the attainment of which many would rightly claim that one of the best (some would say the only really effective) methods is to be an active participant in the acquisition of new knowledge by research.
In all countries universities and their equivalents are the places from which the most able of each generation emerge into society carrying with them their trained minds, high level knowledge and how to apply it in specific areas. They are, as it were, ideas on the hoof, the agents of change, without whom a nation cannot progress socially, economically and culturally. To a much greater degree than in the soviet-style socialist countries, universities in western democracies are also a and sometimes the major locus for the generation of new knowledge. Although it is almost 400 years since Bacon wrote 'Nam et ipsa scientia protestas est' (Knowledge itself is power) those words have acquired tremendous force during this century and therefore it is small wonder that governments, whose primary aim is power, both for themselves and to execute their mandate from the citizens who elected them, have taken an increasing interest in universities and research. To understand the nature of the present relationship in the United Kingdom between government on the one hand and higher education and civil research on the other, we first need to know something ofits history which is unlike that of other nations. I shall concentrate on the natural sciences, engineering and technologyincluding medicine -not out of any disregard for the arts, humanities and social sciences, but because of time limitations and because the former are both more powerful engines of change and cost much more than the latter.
British universities and the state
The Greeks and the Romans understood the need for institutions where knowledge can be conserved and studied and where older and more experienced people can teach the young and inexperienced whilst at the same time attempting to add to the store of knowledge, and to re-evaluate past knowledge through scholarly and critical study. But the lamp oflearning which they kindled was well nigh extinguished during the Dark Ages. Only the Church was able to keep this lamp just alight in the Cathedral Schools. By the 12th century latin had become the universal language of learning and this made possible the wider dissemination of knowledge and it was then that the earliest universities in Europe came into existence. They were often simply a collection or guild of scholars given legitimacy by a Papal Bull. Their aim was not to cover the whole range of knowledge. Indeed Journal of the Royal Society of Medicine Volume 82 December 1989 705 many of the institutions were restricted to a single subject although they drew their students from all over Europe. Thus Salerno and Montpellier were famous for medicine.
Before 1167, would-be students from the British Isles had to go to Continental Europe. But in that year, as part of his quarrel with Thomas a Becket, Henry II decided to force British students and teachers living abroad to return home. Some of them settled here in Oxford from which a group migrated to Cambridge. I will not traverse the history of the foundation of the Colleges but simply say that the Renaissance gave a great impetus to learning in both universities which even the Reformation did not significantly impede, and in the 17th century the spirit of enquiry manifested itself in people like Robert Boyle, Robert Hooke, Edmund Halley, Sir Isaac Newton and so on. However, in the 18th century idleness, corruption and privilege were the order of the day. But the four non-collegiate Scottish universities, creations of the 15th and 16th centuries (and one, Edinburgh, the first Civic university) were places in which Professors were valued for what they knew and could teach and were paid piece-work. These universities were open to all and through them the crofter's no less than the laird's son could rise to the highest place in the land. This contrast between England and Scotland is nowhere better shown than in theyear 1776 when Gibbon produced his 'Decline and Fall of the Roman Empire' and recorded his view of Oxford (The 14 months I spent at Magdalen College Oxford were the 14 months the most idle and unprofitable in my whole life) whilst Adam Smith was publishing his 'Wealth of Nations' from Glasgow and Joseph Black giving his lectures to students and artisans in Edinburgh and investigating the properties of magnesium oxide.
The reform of Oxford and Cambridge in the early 19th century was not self-generated but imposed by Parliament which, however, allowed the religious entry test to persist. The first institution free of such tests was University College London opened in 1828 to which the Establishment reacted by creating King's College London three years later. Half a century later the Industrial Revolution was transforming Britain from a primarily agrarian to a primarily manufacturing and urban society. That revolution owed nothing to the universities of England; indeed, they stood aloof from it. Its pioneers in the late 18th century were men of independent spirit, often non-conformists, who could not gain entry to Oxford and Cambridge and acquired what education they could through Mechanics Institutes or the Dissenting Academies. They often banded themselves together in Literary and Philosophical Societies like the Lunar Society of Birmingham founded in 1776, amongst whose early members were Joseph Priestley, Unitarian minister and the discoverer of oxygen, James Watt (the inventor of the steam engine), Josiah Wedgwood, Erasmus Darwin, Matthew Boulton and Abraham Darby. It was like minded, practical men, two or three generations later, who often occupied prominent positions in the growing mercantile and manufacturing cities of the provinces, and were aware of the rising competition abroad, especially from Germany, who saw that if Britain were not to lose her industrial primacy the education system must be greatly improved. Total part-time students 16528 31900
• Includes 8700 students studying for the Postgraduate Certificate of Education.
-8% (=20000) are from overseas; of the home students 61% are male, 39% female. ... 35% (=16600) are from overseas; of the home students 65% are male, 35% female.
In the latter half of the 19th century they founded and nurtured with their own funds, those they could secure from their friends and from public subscription, 11 university colleges. These nearly failed financially and were only rescued by parsimonious government annual grants in 1889. Two chemists (Ramsay of Bristol and Roscoe of Manchester) and two physicists (Hicks Principal and Jones Past Principal of Firth College Sheffield) lobbied hard for £50 000 and were supported by Benjamin Jowett who asked for £100 000.
A miserly government awarded £15 000. * But 10 of the 11 colleges survived and became civic universities, most about the turn of the century. Universities grew only slowly at the beginning of the 20th century but in 1919 their finances were put on a more regular footing by the establishment of the University Grants Committee, which had grown out of the various committees which were created in the preceding 30 years to distribute minute government grants to universities. The most significant personality in this early period was Lord Haldane, a truly remarkable statesman to whom I shall refer later. Another major influence at this time was the historian HAL Fishert who had a finely sculptured face and an intellect to match. When President of the Board of Education, Fisher first persuaded the universities of the United Kingdom to form a Club called the Committee of ViceChancellors and Principals and, secondly and more importantly, he induced the members of that club to *This was not the first government grant. In 1831 Westminstercontinuedthe small grants to the fourScottish universities. In 1836 £4000 to meet examination costs was given to the University of London and a tiny grant to Aberystwyth in 1882. t LikeHaldane,Fisher waseducatedpartly in GOttingen and a scholarand parliamentarian, Vice-Chancellor ofSheffield University, Warden of New College and father of Mary Bennett, lately Principal of St Hilda's College.
encourage their universities to establish a Doctor of Philosophy Degree. Fisher intended this degree to be available to Colonial and American graduates studying in England who would otherwise return home without any qualification and whom he thought would no longer wish to go on to Germany for higher studies after the first world war. But the real significance of this degree was that it created a new status for aspirants to that degree, namely, research students, and to that extent was the first major step in institutionalizing research in British Universities.
Between the wars, the universities grew only slowly and changed little in curriculum. But after the second world war there was a rapid expansion extending over something like 30 years. Table 1 illustrates this and also that throughout the expansion medical and dental students provided a markedly diminishing fraction of the student population, whilst those in science, engineering and technology grew rapidly. This overall growth was fuelled by a large number of factors including the Butler Education Act, the raising of the school leaving age which increased the population of sixth form pupils in schools, and, in the mid-1950s the establishment of mandatory maintenance grants and the effective abatement of fees for all British students. The resultant pressure for university places was augmented by the Robbins principle, accepted by government in 1963, that noone able and willing to profit from Higher Education should be denied access to it. The nation became enthusiastic about university expansion and therefore, also, all the more disillusioned by the absurd theatrical antics of, and lack of justification for, student unrest in the late 1960s. Consequently, in the hard times which began in 1974 the nation was ready to withdraw the high priority which had been accorded to universities. So, by 1981, the percentage of 18 year olds entering Higher Education, including the polytechnics, was 13lh%; less than the 22% promised by Margaret Thatcher 9 years earlier when she was Secretary of State (or Education and Science, and far behind other European countries and the United States of America and Japan. The Age Participation Rate as it is called has remained at that figure ever since.
Several books and innumerable articles have been written about the UGC*-but I can only allow myself a brief paragraph. It is a non-statutory body deriving its authority from no more than a couple of sentences of the.original Treasury Minute of 1919, slightly revised in 1946, laying down its duty to advise government (originally in the form of the Treasury and since 1964 the Secretary of State for Education and Science) concerning the needs of the universities and to that end to collect, in co-operation with the universities certain statistics, and to allocate resources to universities. The money allocated to universities was given to them in the form of a block grant; in theory for them to use as they wished, although in practice parts of it could be 'earmarked' or 'indicated' for specific purposes, and there were separate grants for capital expenditure on equipment and buildings. From the outset it recognized, as its precursors had done, that the best use of this money could not be achieved unless the universities had a long planning horizon of 5 years, and that each university should receive a visit from the main committee and subcommittees at least once in each quinquennium. It was also understood that during this period universities would have to live within these resources and would not be bailed out if they incurred deficits; nor would any surpluses be clawed back. When grant allocations were made they were accompanied by general and sometimes specific guidance about the use of the money.
Over the 70 years of its existence these simple instruments sufficed to bring about great changes in British universities. I can remember six mining departments and three agriculture departments being closed even when money was plentiful, and new initiatives being taken when it was not. Notable amongst the latter was the planned growth of medical students to an intake of 4100 a year and, of course, the creation of brand new universities and the absorption of the Colleges of Advanced Technology into the system as technological universities. It was always recognized that the block grant for recurrent expenditure would be used for two purposes, namely, teaching and research, but until the last few years, the Committee eschewed formula-financing, first because the formulae could only be based on certain non-testable assumptions; secondly and consequently, the coefficients in such equations would be equally arbitrary, and therefore, thirdly, grants based on historical costs calculated in this way were only a means of projecting past errors into the future. I have seen no evidence in recent years to make me retract this opinion.
The more realistic alternative approach is to start with the fact that a university exists, and that in the next 5 years it will add to or subtract from itself certain activities the costof which could be ascertained.
Another virtue of the block grant, which I regard as of the highest importance, was that universities *The Education Reform Bill (1988) replaced the UGC by a statutory body, the University Funding Council with detailed powers. The latter began its work on All Fools' Day 1989.
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Research in higher education and the research councils Most basic and a large part of British strategic research in civil science, engineering and technology is today carried out in universities and is largely paid for by government through, on the one hand, the UGC block grant, and on the other, through grants from the research councils. This is known as the Dual Support System. It was not always thus. The advancement of knowledge by systematic enquiry was initially a German concept, first formally embodied as a duty of a university when the Prussian Minister for Education, von Humboldt, founded the University of Berlin in 1812. He also saw the benefits which would accrue from close links in these subjects between universities and industry. These two ideas were quickly taken up by other German universities. It is therefore not surprising that before the First World War many perceptive English-speaking scientists went to Germany for their training in research and returned filled with a desire to pursue it in their own universities. But their attainments in this field could not be recognized except by the higher doctorates because, as I have mentioned, the PhD degree was not introduced into Britain until 1919.
Apart from founding bodies such as the Board of Longitude (1714) and the Meteorological Office(1854), and permitting scientists to travel on Royal Navy ships on voyages of discovery, the government gave few resources to scientific research during the 18th and 19th centuries. In the latter period there were many experienced, intelligent and far-sighted men who realized that scientific and engineering knowledge and an adequate supply of people able to advance it and to apply it to practical ends was the only sure foundation for a prosperous society in Britain and that without these things the country would lose to Germany its primacy as a manufacturing nation. This did indeed happen; by the end of the 19th century German exports surpassed those of Britain in value and volume. Despite the advocacy of these men, prominent amongst who was Prince Albert, the Royal Consort, who saw Britain with the clear eye of the outsider, it was not until the 1870s following the unremitting pressure of Colonel Strange and the Devonshire Committee, that a grant of £4000 was made to the Royal Society to endow research.
The 20th century scale and structure of the organization of government funding of research owes more to Richard Burdon Haldane and Christopher Addison (1869 Addison ( -1951 than to any other individuals. After graduation in Edinburgh Haldane was sent to Gottingen to study philosophy rather than to Oxford where his father feared he might acquire the idle habits of the Oxonian. In Germany he observed the close links between Academe and industry and how science-based industry was encouraged. He returned from Germany to embark on a legal career and later became a distinguished statesman. He was also an innovative thinker and chairman of numerous important committees including that which recommended the formation of the UGC. He was the first person to articulate clearly science policy and maintained that it should have two elements, the first was science to serve public policy which he considered should be chosen, supervised and paid for by those departments of state which needed it to implement their own policies. The second was that scientific work 'for general use' as he described it, meaning that research, sometimes called self-chosen or curiosityoriented and undertaken with no particular immediate application in view but simply to add to knowledge. He recognized that most of the ideas for this second kind of work would come from free and independent researchers and that the claims that they made on public funds should be assessed by independent scientists gathered together with industrialists and others in forums at arms length from government departments. This is the Research Council idea which received specific definition in one of the Machinery of Government reports issued in that annus mirabilis 1919.
Christopher Addison, a Lincolnshire farmer's son, was a brilliant medical student at Firth College Sheffield where he became Professor of Anatomy at the early age of 28. He too abandoned his profession for politics and, as MP for Hoxton was singularly effective in persuading Lloyd George and his colleagues to modify the National Insurance Bill of 1911, and the BMA to accept the modified Bill and to work with it. He was also a powerful advocate of Section 16 (2) of the Act which provided that the government should reserve one penny per insured persorI. per annum to be spent on medical research. Addison persuaded the Tuberculosis Commission, of which he was a member, that this money should be directed to the alleviation of all diseases and not merely tuberculosis and that a committee should be appointed to deal exclusively with medical research. This was the origin of the Medical Research Council. What is more remarkable happened later, when he had been privately designated by Lloyd George as the future Minister of Health and must have been in a curious intellectual position, and strongly tempted to take over control of medical research in the country (and there were many who urged this course on him as a necessary step). He rejected their advice using the following words which should be displayed in the office of every Minister and his Permanent Secretary. I quote; 'A progressive Ministry ofHealth must necessarilybecome committed fromtime to time to particular systemsofHealth Administration. He wouldtherefore be constantly tempted to endeavourin various waysto secure that the conclusions reached by organized research under any scientific body, such as the Medical Research Committee, which was substantially under his control,should not suggest that his administrativepolicy might require alteration.It is essential that such a situation should not be allowed to arise for it is the first objectof scientificresearch of all kinds to make newdiscoveries, that these discoveries are boundto correct the conclusions based upon the knowledge that was previously availableand, therefore, in the longrun, to make it right to alter administrative policies. This can only be secured by makingthe connection between the administrative departmentsconcerned, forexample, with medicine and with public health, and the research bodieswhosework touches on those same subjects, as elastic as possible, and by refraining from putting scientific bodies in any way under the direct control of Ministers responsible for the administration of health matters.'
At the end of the First World War there were two Research Councils; the Department of Scientific and Industrial Research (DSIR) and the Medical Research Council (MRC). They were joined by the Agricultural Research Council (ARC) in 1931 following which the system was left alone until the mid-sixties, when, as a result of the reports of the Trend Committee and the Heyworth Committee the DSIR was converted into the Science Research Council (later to become the Science and Engineering Research Council, SERC) and the Social Science Research Council (SSRC) and the Natural Environmental Research Council (NERC) were established. In addition, the government created the Council for Scientific Policy (CSP) in December 1964 which was to advise the Secretary of State for Education and Science on the allocation of the resources to the five Research Councils which were transferred from the Treasury to his Department. In addition, it was enpowered to give some advice on the needs of scientific research which fell within the remit of these Research Councils. The CSP therefore occupied a position vis-a-vis the research councils which was similar to that of the UGC vis-a-vis the universities but was never able to exert as much influence as the UGC.
The early 1970s represented a peak of expenditure growth by the research councils and the UGC. Thereafter, despite the fact that the Dual Support System was much admired in other countries and attempts were made to copy it, and that the universities were delivering annually well-prepared graduates, much sought after in other countries, at a cost per graduate less than that in any other country of the Western World, pressures mounted for a closer scrutiny of the whole government-supported knowledge industry. First and foremost amongst the factors prompting this was the poor economic performance of Britain and the growing currency ofjargon phrases to the effect that the universities and research councils and graduates were not well attuned to wealth creation. Envious eyes in Government Departments were cast on the autonomy of the chartered Research Councils, and as a result some moneys were transferred from the NERC, ARC and the MRC to various government departments. (In passing it is interesting to note that the transfer of 13% of MRC funds to the Department of Health proved to be an unwise and bureaucracy-ridden arrangement which was so unworkable that nine years later the money, suitably inflated, was returned to the Medical Research Council. Thus Addison's view and Haldane's principles were vindicated by practical experience.)
Really serious erosion of government funding for the universities and research councils began in 1974 following the oil crisis and the annual cost inflation rate rising towards 30%. Apart from the decline in the real terms value, of the unit of resource, the universities' most serious problem arose from the annual allocation of money replacing quinquennial financing and planning. In 1978 the triennium was introduced which did give the universities a basis for planning. But a year later following the election all bets were off and the government's first priority was to reduce inflation by containing public expenditure. The proportion of the gross domestic product devoted to higher education and research outside the departments began a steady decline which has continued to this day. These circumstances imposed increasingly difficult problems to the UGC and the ABRC (as the CSP became known in 1972) in the allocation of resources because of the intensity of competing claims and, inevitably, both bodies have become more dirigiste.
Much could be written about the benefits (if any) and the detriments to British science and British universities of government policies over the last decade and a half and you .will be relieved that I do not intend to enter that discussion. Moreover, since many proponents of these recent changes rest their case on the fact that, whilst Britain has done excellent basic science, its industrial performance has continued to decline, it is now time to turn to examine the place of science, engineering and technology in industry and the relation between manufacturing and service industries on the one hand and the Knowledge Industry on the other.
British industrial research in science, engineering and technology The acquisition of scientific knowledge has always required people and material resources, both of which cost money. It has also always been driven forward by two forces. The first is the curiosity of individuals who either simply wanted to know how the world worked (pure scientists) or thought they could devise a new process or a product or improve old ones which would enable human beings to live and work more efficiently, profitably or pleasantly (the inventors and the improvers). This distinction is not clear cut; some individuals did and increasingly do, combine both pure and applied work. Clinical medicine affords many examples of this. In the early days the financial support came from the private means of the investigator or from rich patrons but increasingly, as knowledge, both empirical and scientific became larger and more sophisticated, cost more to acquire and offered the prospect of practical and financial advantages; to the driving push of curiosity was added the second force, that of the pull of the potential beneficiary who was willing to pay all or part of the cost.
So far I have dealt exclusively with publicallyfunded research in this country which might be characterized as nationalized. As the surrogate for the people Government pays in order to secure a public benefit or good. However, the most desirable ultimate public benefit is national economic success, measured relative to other nations, which in turn means that the wealth-creating enterprises and industries must be adept in the application through research and development of the latest knowledge. This R&D effort, whether conducted in-house or by contracting out, costs the enterprise patient money (up-front). Sadly, there have been many occasions in the past in which sectors of British industry have lagged in their R&D activities and privatized R&D has been inadequate. Government has then sometimes intervened either to establish national laboratories, for example, in engineering and chemical engineering or, on the principle that people may not value and fully utilize that for which they do not pay, to found Industrial Research Associations, originally on the basis of equal financial contributions from government and industrial subscribers. This latter method of finance may be described as hybrid.
The fundamental questions for the United Kingdom in respect of the industrial sector of the knowledge industry are: (1) In aggregate are the funds from public and private industry adequate, excessive or insufficient?
Journal of the Royal Society of Medicine Volume 82 December 1989 709 (2) Are these resources deployed to the best strategic advantage and are they well managed? (3) Is the balance between public and private in funding and performance correctly drawn, and if government, as seems to be the case, thinks that primarily for fiscal reasons its contribution in real terms should continue to fall, will private funds be forthcoming to achieve the optimum national outcome? These questions cannot be answered without probing a little more deeply the ramifications of industrial R&D and their connections with economic success. It is a truism that in a competitive world only those firms survive which give better value for money for the goods and services they sell than do those of their rivals, and that they are delivered on time. To achieve this a necessary, but not the only prior condition is that the firm constantly seeks incremental improvement in the existing products or processes, recognizes when such gains approach the limits set by existing science and technology and then breaks through the barrier by finding some radical innovation. None of this can be done without staff well-versed in the relevant science, engineering and technology, who know how to identify, gain access to and if necessary to generate and then to use the relevant information; in short, an effective R&D organization with a keen eye for the market. The gravestones of many British firms bear elegant witness to failure to satisfy one or other of these conditions. Furthermore, it is increasingly true that for success the employees must work closely together whether they are employed within the R&D, the manufacturing or the technical service function. If the shop floor, works managers, scientists, engineers and technologists are interactively coupled, spectacular results can ensue. The contrary is also true; it is no good introducing highly advanced equipment if, due to low coupling, the attitude of the works manager is essentially lowtech.
These arguments have acquired greater cogency during the last two centuries as we have moved from the Industrial Revolution, which was primarily an augmentation of feeble human physical power by energy generated on site, through, roughly 100 years later, the revolution triggered by transmissible energy in the form of electricity and to applied chemistry, until today's Information Revolution involving both the physical and biological sciences, which has augmented human mental power and made possible manufacture with greatly reduced energy and operator requirements. The pace of change has increased throughout this period and will not diminish but further intensify, which means that those who fail to keep abreast of and to use the latest knowledge will fail the more quickly.
To begin to answer some of the questions I have posed we must look more closely at the United Kingdom industry's relative performance economically and in R&D during recent decades. Fortunately, statistical data bases held by the Cabinet Office in the UK and OECD overseas are readily available and have been subject to critical scrutiny by Sir Robin Nicholson. The following are the salient and relevant facts.
(1) In 1985 industry and government together spent about £6.3bn on R&D in the UK to be compared with; France, 7.6; Germany, almost 11; Japan, 21 and the USA, 43; corresponding to an annual fact that the UK, the USA and Sweden are the only three OECD countries which in the years 1979-1986 had a favourable balance of payments in technology, ie that the value of the technical improvements in processes and products which have been devised here and then exported exceeds that of those we imported. For whatever reason (and many have been suggested including the limited financial horizons of accountants and the City) the fault lies in the Board Room, though directors will doubtless deny this and attribute the shortcoming to an adverse financial and industrial climate in the UK. Implementation of the recommendations of the Accounting Standards Committee that R&D expenditure should always be an item in the annual accounts of companies could, by highlighting this problem, contribute to its solution. Secondly, as 6a above illustrates, government R&D contracts executed by industry seem to contribute little to the financial prosperity of a firm. Perhaps this is understandable for such contracts are always specific, often connected with particular government procurement programmes (especially in defence) and lead to products with little wider market appeal. Thirdly, Sir Robin Nicholson, lately Chief Scientist in the Cabinet Office, has written, 'The underfunding of British R&D is not beyond remedy ... an additional annual industrial investment in R&D, replacing about 10% of the cost of likely future annual wage increases, would bring British industrial funding of R&D to the level of Germany within a decade. I suspect it would also do a lot more for job security and wealth creation than the expenditure it replaced!'. Those who have operated successful firms in this field are often more direct. Arthur D Little the donor of the chair which I occupied when I was at MIT, used to refer to research as the mother of industry and Guy Suits who, for 20 years was in charge of the GEC laboratory in Schenectady once used the words to me 'Research is the best form of industrial insurance'.
Conclusion
In this lecture I have tried to show that now, more than ever, success, with corresponding personal benefits to its citizens, comes to that nation whose knowledge industry is healthy. That industry has several parts: (1) the educational and vocational training of young people in school and further education; (2)higher education, concerned in all fields with carrying the most able up to the boundaries of existing knowledge, rightly committed to scholarship and the natural and proper locus of most basic and some strategic research; and (3) industry of all kinds where knowledge is applied and, other things being equal, where success comes only to those whose commitment to primarily practical but also some strategic R&D is high. Health is that state when all these parts are in proper working order and the interactions between them synergistic.
In Britain the knowledge industry has never been in perfect health. At present the privatized part, ie industrial R&D, is underfunded by the industry which should be deriving benefit from it. That industry has also failed in some measure to get close enough to higher educational institutions. All this can be remedied and if firms will connect with and contribute more to the cost of the research in universities they will be more likely to know those who are at the frontiers of knowledge, to get the most SA 1983 SA 1981 SA 1978 SA 1975 SA 1972 o
spend per capita on R&D of £110, 122, 180, 180 and 186 per annum respectively. (2) Private UK industry carries out roughly 55% of this work but paid for only 51%, the remainder coming from government and foreign owned enterprises. (3) In all of our competitor countries industry meets a higher proportion ofthe cost of the R&D which it carries out. Unlike these countries the resources in real terms provided by British industry for the R&D which it performs has been constant over two decades to ±15%. This is not true of all sectors. The most 'mature' industries such as civil and mechanical engineering have reduced expenditure whereas the electronics sector has increased expenditure although much of this is due to government initiative. commercial success and in-house R&D programmes which have been selected and paid for by a firm engaged in high technology industry. The deductions which may be drawn are obvious. The first is that British Industry has failed to invest sufficient of its own resources in R&D and this has detracted from the UK economic performance. Moreover, it has done so when the world knowledge base was expanding rapidly in the exciting new era of the Information Revolution and presenting unprecedented opportunities for both incremental improvement and radical innovation. That this failure is not attributable to any lack of quality or motivation in the products of the other end of the spectrum of the knowledge industry, ie the graduates from higher education, is incontrovertably demonstrated by the able people into their orbit and to win in the race to apply the latest knowledge successfully.
The nationalized sector is diverse and its various parts suffer from some confusion of purpose and analysis on the part of its paymaster, the government of the day. Of course governments must support, and in some cases carry out, that R&D necessary for effective implementation of departmental policy or statutory obligations, eg radiological protection, but in other areas both the money spent and the degree of involvement could be reduced. For example, defence equipment manufacturers could do all but the most sensitive R&D and recover the cost through their pricing policies.
This confusion is evident in education and research at all levels. The government's professed aim is to liberate schools from bureaucracy, sometimes tyrannically applied, of local authorities and yet the Education Reform Act specifiesa National Curriculum in unnecessary and restrictive detail, whilst avoiding that reform most needed, a broad span of studies to school leaving which would do more to alleviate the shortage of intelligent school leavers opting for science, engineering and technology. How much better it would have been if, instead, effort and resources had been concentrated not on instrumentalities of curriculum and governance but on securing well-equipped entrants (especially in mathematics) to the teaching profession, training them well and giving them room to operate imaginatively within a broad curricular framework. The educational benefit which accrues to a pupil is much more dependent on the quality and commitment of the teachers he or she encounters than the minutiae of the curriculum or the composition of the governors.
Similar 'double think' is evident in developments in higher education. The ostensible aim of the new Education Reform Act is to make institutions in this sector more autonomous. It does liberate polytechnics and colleges from local authority control but it will surely keep universities on a tighter rein. Paradoxically government will be able to intensify the interventionist trend so evident in the last few years at the UGC. And now University Commissioners will be able to alter a university's statutes whether the university likes it or not. The vocabulary is one of rationalization of universities which means eliminating small departments so that some technological universities now have no physics departments (!) when in fact the language should be that of intensified cooperation between universities so that the benefits of subject strength in one institution can be more pervasive. The list is endless but I will not go on save to say that this upheaval occurs when university resources, through 14 years of attrition, have become severely straightened and there is no sign of a reversal of this trend. Indeed there has been more than a hint from government that reduced resources from government has special merit in that it helps universities to free themselves from government shackles. The universities can hardly be blamed if they react to the news in the same sceptical way that prompted Winston Churchill to describe the Minister for War in 1938 as 'mechanising the army in the sense that he is taking away its horses'.
The position is equally bleak at the research level Journal of the Royal Society of Medicine Volume 82 December 1989 711 on both wings of the Dual Support System. Declining resources in real terms is set to continue which will further inflame the hostility between 'big science' and 'little science' because a large project imposes an opportunity cost on little science. One imagines that Government hopes that as, in the USA, where firms like Exxon, Grace and Hoechst have invested many millions of dollars in basic research at Harvard and MIT, private industry here will make good some of this shortfall. But is this likely, given the evident reluctance of UK industry to invest even in its own R&D? And is it desirable, for such investment if successful could shift the balance of university research toofar from basic to applied? We should then be living off our intellectual capital; to use Lord Stockton's phrase we would be 'selling off the family silver'. So what do I judge to be the proper course for government vis Ii vis the knowledge industry? In a sentence Government should fund adequately school, further and higher education; divest itselfof much of its existing funding of industrial research and enhance the support which it gives to the Dual Support System; retreat from its over interventionist role so that a largely self-regulating system can adjust itself to produce for the future smooth flows of educated manpower and ideas and knowledge of how to use them.
For industry and commerce the message is equally unambiguous. Their economic futures depend on their ability to improve their products and processes, either by incremental or by radical and innovatory changes, in ways which surpass those of their competitors. In an increasingly high-tech world this means that their success will depend on the recruitment of able people from the universities and the optimum use of them in R&D to apply the latest and best science. As well as getting closer to universities, industry should urge government to repair the damage done, by chronic underfunding of the support system, to the capacity of the universities to help industry now and in the future.
In addition to playing its part in this symbiosis with industry the higher education sector is now confronted by many necessary tasks. Above all it must learn to speak loudly and clearly with one voice, for there are many who will be quick to identify confusion and contradictions and to exploit differences. Such a united voice cannot be achieved unless every university and polytechnic has clear policies and good management which, in aggregate, provide convincing arguments for strong financial support from the public and private purses. This means the development and clear articulation of collective views concerning such issues in scientific research as cooperation or concentration, the best balance between big and little science, how research performance can be monitored, whether critical mass is a valid concept, what is the nature of the relationship between research and teaching at undergraduate and postgraduate levels; all matters which have a bearing on the most economical use of resources. Failure in this task will mean unpreparedness to face the challenge of government policies now being formulated and a yet further erosion of Academe's most precious possession -its autonomy.
